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Abstract 131 – Figure 2. Ln COMP by number of knees with OA (KL>2). Control (O knees, n=40). Unilateral kOA (1 knee, n=17). Bilateral kOA ( knees, n-23). Results
of One-way ANOVA with Bonferonni post test shwon when signiﬁcant.
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Purpose: The role of altered contact mechanics in the patho-
genesis of post-traumatic osteoarthritis (PTOA) following intra-
articular fracture remains poorly understood. One of several pro-
posed etiologies is that residual incongruities (i.e., topologic irreg-
ularities in the articular surfaces) lead to aberrations in the joint
contact stress distributions that, over time, predispose to PTOA.
The objective of this research is to quantify altered joint contact
stresses in ankles following surgical reduction of tibial plafond
fractures, using patient-speciﬁc ﬁnite element (FE) analysis.
Methods: Three-dimensional contact FE models were created
for 11 ankle pairs from a series of (intra-articular) tibial plafond
fracture patients, using techniques previously described and val-
idated. Both fractured ankles and their intact contralaterals were
used from each patient. The source geometric data were pro-
vided by CT scans obtained following surgical fracture reduction.
Subchondral bone surfaces were segmented to deﬁne rigid bod-
ies over which articular cartilage layers were meshed. Starting
from a neutral ankle posture, a sequence of 13 loading condi-
tions (loads scaled to patient weights) was applied to simulate
the stance phase of gait. Computed contact stress values were
summed at each surface node across discrete instances in the
simulation, weighting each instance by its resident time in the
gait cycle. This chronic contact stress exposure measure, serv-
ing as a metric of degeneration propensity, was then compared
between intact and fractured ankle model pairs.
Results: The computed distributions of contact stress exposure
(per gait cycle) are shown in Figure 1 (for visualization, models
are mirrored as needed to make intacts appear as right ankles).
In general, intact ankles had lower peak exposure values and
more uniform, centrally located contact patches. The contact
stress distributions of the fractured cases were more heteroge-
neous, with focal peaks and higher magnitude peak stresses.
The average peak contact stress for fractured ankles was 38%
higher (p=0.0015) than for their intact counterparts. The greatest
difference in peak contact stress between a matched intact and
fractured ankle was 82%. For all but one patient, the fractured
ankle had a smaller amount of area with low contact stress ex-
posure values, and a correspondingly larger amount of area with
high exposure values. Chronic contact stress over-exposures
(exposure to stresses above a damage threshold) ranged from
Figure 1. Contact stress exposure on the tibial articulating surface for the 11
intact and post-operative ankle pairs (anterior-inferior view).
essentially zero, in the most benign fracture incongruities, to a
high of 18 times the matched intact ankle.
Conclusions: The patient-speciﬁc FE model results represent
a new level of rigor in the attempt to elucidate the relation-
ship between altered contact stresses due to residual articular
incongruity and the clinical outcome of patients treated for intra-
articular tibial plafond fractures. To the authors’ knowledge, this
is the ﬁrst FE comparison of cartilage stress of fractured versus
intact joints in a major clinical series. Moreover, contact stresses
were computed not just for a single isolated loading, but for load-
ings throughout gait. Series-wide differences in the calculated
FE metrics between intact and fractured cases were relatively
modest. Averaged over the entire series, though, these ﬁndings
are likely conservative, in the context that not all of the fractured
cases would be expected to develop PTOA. Further indication of
patient outcome, as the data become available, will allow a more
clear assessment of whether stress over-exposure correlates
with development of PTOA.
